I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Osteoarthritis (OA) is a degenerative disorder that manifested with painful joints, articular stiffness, and decreased physical activity. Knee OA represents about 80% of the total OA burden. Currently, knee OA is one of the main causes of disability in adults and affects their quality of life to large extent. Although the exact etiology of the disease is not clear, many generators of pain in the articular capsule, lateral meniscus, ligaments, bone, tendons, and synovium have been involved.\[[@ref1]\]

Both the clinical picture and radiological grading determine the management of knee OA. The commonly used system for radiological grading is Kellgren--Lawrence (KL) system \[[Table 1](#T1){ref-type="table"}\]. The grading is according to weight-bearing anteroposterior radiograph of both knees. Increased severity of the disease correlates with higher grades of the scoring system and necessitate surgical intervention.\[[@ref2]\]

###### 

Kellgren-Lawrence Grading System of osteoarthritis

  Grade   Description
  ------- ----------------------------------------------------------------------
  0       No radiographic signs of OA
  1       Doubtful JSN + possible osteophytic lipping
  2       Definite osteophytes + possible JSN
  3       Multiple osteophytes + possible deformity + sclerosis + definite JSN
  4       Marked osteophytes and JSN + severe sclerosis + marked deformity

JSN=Joint space narrowing, OA=Osteoarthritis

The management of knee OA involves both operative and conservative options. The conservative treatment modalities usually useful for those with KL Grade 1--3, and include both pharmacological and the nonpharmacological modalities.\[[@ref2]\]

Pharmacological treatment includes oral nonsteroidal anti-inflammatory drugs, nonspecific cyclooxygenase inhibitor, selective Cox-II inhibitors, opiates, nonopioid oral analgesics (e.g., acetaminophen, antidepressants, and glucosamine), intra-articular injections (steroids, hyaluronic acid derivatives, and platelet-rich plasma), and topical applications.\[[@ref2][@ref3][@ref4][@ref5]\]

Nonpharmacological treatment modalities include physical therapy, lifestyle modification, strengthening exercise, and shoe modification.\[[@ref6][@ref7][@ref8][@ref9]\]

However, patients presented with high grade of OA (KL \> 3) do not get benefit from conservative modalities and the total knee arthroplasty is the only reliable treatment. But for patients who are unfit for surgery or who refuse to undergo surgery; the other minimally invasive therapeutic options as ultrasound-guided saphenous nerve block may be a good alternative.\[[@ref10]\]

The nerves that are contained in the adductor canal include medial femoral cutaneous nerve, the vastus medialis nerve, articular branches from the obturator nerve, and the medial retinacular nerve in addition to the saphenous nerve that innervates the anterior, medial, and lateral aspects of the knee.\[[@ref11]\]

Adductor canal block (ACB) is theoretically considered as a pure sensory nerve block. However, as the nerve supplying the vastus medialis muscle passes through the adductor canal, the motor function of the muscle is affected by (ACB).\[[@ref12]\]

Furthermore, there is strong clinical evidence that ACB is more effective than femoral nerve block for the preservation of quadriceps muscle strength, providing better ambulatory ability and earlier functional recovery with comparable analgesia, and opioid consumption in patients undergoing total knee arthroplasty.\[[@ref13][@ref14]\]

Thobhani *et al*. described a novel technique for nerve block which is the ultrasound-guided local anesthetic infiltration between the popliteal artery and the posterior capsule of the knee (I-PACK). This block targeted the terminal branches of the sciatic nerve only and can alleviate pain from the posterolateral aspect of the knee joint without foot drop.\[[@ref15]\]

However, the clinical trials comparing the analgesic effectiveness and physical rehabilitation, with the addition of an I-PACK block to ACB are limited.

This study hypothesized that combined ACB and I-PACK block are more effective than ACB alone for alleviating pain of knee OA and improving quality of life. This study was aiming to compare ACB with combined ACB and I-PACK in patients suffering knee OA pain.

Improvement in pain intensity as evaluated by visual analog score (VAS) represents the primary outcome, while functional outcome of the patients and reduction of disease progression as evaluated by Western Ontario and McMaster Universities (WOMAC) questionnaire represents the secondary outcome.

P[ATIENTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

Patients {#sec2-1}
--------

After getting clearance from our medical institution (R.19.02.416), this prospective randomized comparative study was carried out on 56 patients referred to our pain clinic. Written informed consent, including full description of the technique, drugs, and side effects, was obtained from all the participants.

Inclusion criteria {#sec2-2}
------------------

Patients over the age of 45 years, of ASA Physical Status I--III, and of either sexPatients who were competent to understand the study protocolRadiographic evidence of OA of knee of the second degree or moreChronic pain prior to study entry for at least 6 monthsPain did not respond to conservative therapies during the last 6 months.

Exclusion criteria {#sec2-3}
------------------

Patient refusalBleeding or coagulation disordersLocal skin infection or any other medical problem in the affected limbPsychiatric problems lead to difficult communication with the patientPrevious chronic opioid useContraindications to steroid injection as diabetes or hypertension.

Randomization {#sec2-4}
-------------

Eligible 56 patients will be randomly allocated into two equal groups of 28 patients each according to computer-generated randomization program. Each patient was assigned as I or II according to his or her group, followed by a number from 1 to 56 according to his or her order.

Group I (*n* = 28) received ultrasound-guided ACB with 10 mL of 0.125 bupivacaine plus 40 mg methylprednisoloneGroup II (*n* = 28) received ultrasound-guided ACB with 10 mL of 0.125 bupivacaine plus 40 mg methylprednisolone and I-PACK block using same volume and concentration as ACB.

Technique of ultrasound-guided adductor canal block {#sec2-5}
---------------------------------------------------

Before the procedure, standard monitoring was applied, including noninvasive arterial blood pressure, electrocardiography, and pulse oximetry. An intravenous cannula (20 G) was inserted in a peripheral vein for crystalloid infusion. Using a portable ultrasound machine, with linear transducer (7--12 MHz), the block was performed subsartorial at the exit of the adductors canal, using the in-plane technique. Under aseptic techniques, the patient was placed supine, with the knee slightly flexed and external rotation of the hip. First scanning of the medial aspect of the thigh was done to locate the saphenous nerve, which lies near the superficial femoral femoral vessels.\[[@ref16]\] It gives out articular branches on coming out of the sartorial canal via infrapatellar branch. The adductor canal contains also nerve to vastus medialis which gives articular branches to the knee via the medial retinacular nerve. One 10-cc syringe was filled with 10 mL of bupivacaine 0.125% plus 40 mg methylprednisolone and attached to a 22-gauge spinal needle. The needle passed in-plane with short-axis view under vastoadductor membrane (connects vastus medialis laterally and adductor muscles medially) and sartorius muscle reach the saphenous nerve and nerve to vastus medialis after negative aspiration for blood, the content was injected. The patient was observed for half an hour and then made to walk \[[Figure 1](#F1){ref-type="fig"}\].

![Adductor canal block. *N* = Needle, S = Sartorius muscle, VM = Vastus medialis muscle, AL = Adductor longus muscle, SFA = Superficial femoral artery, SN = Saphenous nerve](AER-14-127-g001){#F1}

Technique of ultrasound-guided infiltration between the popliteal artery and the posterior capsule of the knee block {#sec2-6}
--------------------------------------------------------------------------------------------------------------------

With the patient in the lateral position, knee slightly flexed, hip externally rotates, a curvilinear (2--6MHz) was placed over the popliteal fossa at the level of femoral condyles. Color Doppler was used to delineate the popliteal artery in a short-axis view. After strict sterilization and draping, a 22-gauge spinal needle was passed using in-plane technique from lateral to medial through the lateral head of gastrocnemius muscle with needle tip destination between popliteal artery and posterior capsule of the knee.\[[@ref11]\] The same volume and concentration of injectate used in ACB was injected under real-time visualization \[[Figure 2](#F2){ref-type="fig"}\].

![Infiltration between the popliteal artery and the posterior capsule of the knee block. *N* = Needle, PA = Popliteal artery, CK = Posterior capsule of the knee, GL = Gastrocnemius lateral head, GM = Gastrocnemius medial head](AER-14-127-g002){#F2}

Collected data {#sec2-7}
--------------

Demographic data including grade of OAVAS:\[[@ref17]\] was reported at preprocedure, and 2, 4, 8, and 12 months after the proceduresQuality of life was evaluated using the WOMAC index of OA.\[[@ref18]\] A series of 24 questions which evaluated pain, stiffness, and physical function were used:Pain: During walking, using stairs, in bed, sitting or lying, and standing uprightStiffness: Evaluated at first waking and then later in the dayPhysical function: Rising from or lying in bed, getting in/out of bath, toilet, or car, walking, rising from sitting, bending, standing, putting on/taking off socks, climbing stairs.

The total score is between 0 (no disability) and 96 (lack of autonomy). Patients answered this questionnaire before the procedure and at each follow-up interval.

Sample size calculation {#sec2-8}
-----------------------

The base of sample size calculation for this study was detection of a two-point difference after the procedure for the outcome pain intensity, as assessed by VAS (estimated standard deviation of 2.5).\[[@ref10]\] For achieving a two-sided 5% significance level and a power of 80%, a sample size of 26 patients was needed. A dropout of 10% of cases was expected, so 28 patients per group were required.

Statistical analysis {#sec2-9}
--------------------

For the current study, the Statistical Package for the Social Sciences (IBM Crop. Released 2013.IBM Statistics for Windows, version 22. Armonk, NY, USA: IBM Crop.,) was used for the statistical analysis. Regarding the quantitative data, normality was first tested with the Kolmogorov--Smirnov test and then analyzed with the Student\'s *t*-test. The nonparametric and ordinal data were analyzed with the Mann--Whitney U-test. For binomial data, Fisher\'s exact test was used. All *P* values presented here were two-sided and *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

A total of 56 patients were enrolled in this study \[[Figure 3](#F3){ref-type="fig"}\]. The two groups of participants did not show statistically significant difference regarding patient characteristics \[[Table 2](#T2){ref-type="table"}\].

![Consort flow chart](AER-14-127-g003){#F3}

###### 

Demographic data of the studied groups. Data are presented as mean±SD/Numbers (%)

  Group                  Group (I) *n*=28   Group (II) *n*=28   *P*
  ---------------------- ------------------ ------------------- ------
  Age (Years)            54±13              52±15               0.59
  Gender (male/female)   19/9 (18%:32%)     20/8 (14%:86%)      0.77
  BMI (kg/m^2^)          28.5±3             29.1±2.7            0.46
  Site                   RT: 16 (57%)       RT: 14 (50%)        0.59
                         LT: 12 (43%)       LT: 14 (50%)        
  Osteoarthritis grade   II: 46%(13)        II: 57%(16)         0.59
                         III: 54%(15)       III: 43%(12)        
  ASA classification     I: 96%(27)         I: 82%(23)          0.19
                         II: 4%(1)          II: 18% (5)         

Group (I): Received ultrasound-guided ACB (adductor canal block), Group (II): Received ultrasound-guided ACB and I-PACK, RT: Right, LT: Left, ASA: American society of anesthesiologist, BMI: Body mass index

Regarding the VAS and WOMAC index, Group II showed statistically significant lower values at 2, 4, 8, and 12 weeks compared to Group I \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

###### 

Basal and follow up values of the VAS of the studied groups. Data are expressed as median (range)

                         Group (I) *n*=28   Group (II) *n*=28   *P*
  ---------------------- ------------------ ------------------- ---------
  Basal (before block)   7 (7-8)            8 (7-8)             0.59
  2 weeks                5 (3-7)^†^         4 (3-8)^†^          0.001\*
  4 weeks                5 (3-7)^†^         4 (3-8)^†^          0.001\*
  8 weeks                5 (3-7)            4 (3-8)^†^          0.001\*
  12 weeks               6 (3-9)            4 (3-9)             0.001\*

Group (I): Received ultrasound-guided ACB (adductor canal block), Group (II): Received ultrasound-guided ACB and I-PACK, VAS: Visual analogue score. \**P*≤0.05 was considered as statistically significant between the two groups. ^†^*P*≤0.05 was considered as highly significant in comparison with basal value

###### 

Basal and follow up values of the WOMAC index of the studied groups. Data are expressed as median (range)

                         Group (I) *n*=28      Group (II) *n*=28     *P*
  ---------------------- --------------------- --------------------- ------------
  Basal (before block)   65 (62.3-71)          70.5 (65.5-72)        0.1
  2 weeks                58 (56.3-46.8)^†^     54.5 (53.3-39.8)^†^   0.001\*
  4 weeks                55.5 (53.3-61.5)^†^   52 (50-54.8)^†^       0.001\*
  8 weeks                55.5 (53.3-61.5)^†^   50 (48-53.5)^†^       \<0.0001\*
  12 weeks               59.5 (54.3-63.8)^†^   56.5( 51.3-56.8)^†^   0.001\*

Group (I): Received ultrasound-guided ACB (adductor canal block). Group (II): Received ultrasound-guided ACB and I-PACK. WOMAC: Western Ontario and MC Master Universities. \**P*≤0.05 was considered as statistically significant between the two groups. ^†^*P*≤0.05 was considered as statistically significant in comparison with basal value

A statistically significant decrease in comparison with basal values of VAS and WOMAC index was noted in both groups at all follow-up intervals \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

No complications noted in both groups.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The aim of the current study was to compare the effect of I-PACK block supplementing ACB versus ACB only in patients suffering knee OA pain. In accordance with our hypothesis, the combined ACB and I-PACK are more effective in alleviating pain and improving physical function in those patients compared to the ACB only.

OA is a growing health problem and considered as a leading cause of disability and limitation of work.\[[@ref19]\]

The nerve supply of the knee is derived from two main sources: (1) the femoral nerve, which supplies the anterior and to a lesser extent, the medial aspects and (2) the sciatic nerve, which supplies the posterior aspect.\[[@ref15]\]

It has been reported in the literature that the continuous femoral nerve catheter can provide marked postoperative analgesia, but on the other hand, it leads to a marked weakness of quadriceps that interfere with early physical activity.\[[@ref20]\]

The ACB carries the advantage of providing comparable degree of analgesia as that of single injection of femoral nerve catheter block with preservation of quadriceps muscle strength with early and better physical rehabilitation.\[[@ref21]\]

However, the posterior aspect of the knee still out of the scope of ACB, and the patient frequently encounter postoperative pain and needs analgesic medication.\[[@ref22]\]

The combined sciatic nerve block and femoral nerve block could provide acceptable analgesia and decrease opioid consumption.\[[@ref23]\] However, the sciatic nerve block may be complicated by a sensory and motor deficit below level of the knee with increased risk of foot drop.\[[@ref24]\]

The ultrasound-guided I-PACK is a novel technique for nerve block act only on terminal branches of the sciatic nerve, so it can provide analgesia for posterior aspect of the knee with a very low possibility of foot drop.\[[@ref25]\]

Amer documented that combined ACB and I-PACK blocks are more effective than combined ACB and intraarticular infiltration for postoperative pain following anterior cruciate ligament surgery.\[[@ref11]\]

Thobhani *et al*. compared patients underwent total knee arthroplasty and received continuous perineural infusion, either femoral nerve catheter block or ACB in combination with I-PACK block in both groups. The authors noted that patients in the ACB with I-PACK group had comparable pain scores but much better functional outcomes, including physical activity and earlier hospital discharge. They also recommended further studies comparing ACB alone and combined with I-PACK block.\[[@ref15]\]

In accordance with previous studies, the current study reported a statistically significant lower pain score and WOMAC questionnaire in group of patients received combined ACB and I-PACK block compared to those received ACB alone.

The short duration of follow-up may be a limitation of this study.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The technique of combined ACB and I-PACK block provides more effective analgesia and better functional outcome compared to the ACB alone in patients suffering knee OA.
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